assess the current complexity of medical physics with respect to our training programs and pathway to board certification.
The Medical Physicist Workforce Subcommittee will be directing the Workforce Survey. It will be important for all stakeholders to be recognized and all impact factors to be evaluated and included in the final scope of work. The Workforce Survey may reveal challenges and changes within the profession consequent to transformation in regulatory, technological and reimbursement patterns. It will be important to evaluate all of these factors in order to predict workforce dynamics, and provide for the future education and training of medical physicists. A reasonably accurate projection of supply and demand positions the profession for the future in several respects. If too many medical physicists are trained, the resulting oversupply could lead to unemployment and lower wages. If too few training positions are available, the resulting undersupply could result in extended working hours and a lower quality of life. As a significant level of energy is required to create and maintain Commission on Accreditation of Medical Physics Education Programs, Inc. (CAMPEP) accredited training programs, it is perceived that the immediate danger is the likelihood of creating too few training positions rather than too many. Presently fewer than 30% of medical physicists undergo a formal residency program after graduation from an academic program.
Radiation Oncology Physicists (ROPs) face three major issues:
• The percent rate of retirement of ROPs between the years 2010 and 2020 is approximately triple the rate that existed between 1990 and 2000 (see discussion below).
• Cancer incidence is projected to grow at approximately 2% per year. This will result in a projected increase in the number of cancer patients of approximately 30% between the years 2000 and 2020.
• In 2014, ROPs must graduate from a CAMPEP accredited residency program in order to enter the certification process of the American Board of Radiology. (1) Beginning in 2014, only a graduate of a CAMPEP residency program wishing to enter radiation oncology physics will be able to: a) sit for certification in Therapeutic Radiological Physics by the American Board of Radiology, b) be considered a qualified medical physicist (QMP) as defined by the American Association of Physicists in Medicine and the American College of Medical Physics, and c) receive a license to practice medical physics in states that require licensure.
Since American Board of Radiology (ABR) Certification is required for entry into the profession, by the year 2014 the medical physics profession must create enough residency programs and training positions to meet the demand. The Task Group-133 Report suggests this need might be met in part through the creation of affiliated residency programs administrated in association with CAMPEP accredited residency programs. (2) Software to manage such affiliated programs is available for use by the medical physics community. (3) It is generally anticipated that the number of programs and training positions must grow by a factor of between five and eight in order to meet demand but, as of this writing, there has been no rigorous demand and supply model to defend this assertion.
II. MAtErIALS And MEtHodS
A Demand & Supply model assumes that factors affecting both supply and demand may be either positive or negative. An increasing incidence of cancer would increase demand for radiation oncology physics services, while greater efficiencies in radiation therapy delivery might decrease demand. Having more residency programs would increase the supply of medical physicists, while increasing retirement rates might decrease the supply. It is therefore important to identify and quantify as many factors as possible that influence both the demand Table 1 and Table 2 for the scope of input information required for the model.)
The Demand information used as input to the model is:
• Cancer incidence and prevalence 1990-2020 (American Cancer Society) (4) • Median new cancer patients treated per Clinical FTE Radiation Oncology Physicist (Abt Study of Medical Physicist Work Values for Radiation Oncology Physics Services) (5, 6, 7) The Supply information used as input to the model is:
• The demand forecasts are based on the forecasts of incident and prevalent cancer cases, as well as the estimated age and gender-specific oncologist visit-rates for cancer patients developed by the National Cancer Institute (NCI) in July 2006. (4) While constructing the model, several assumptions were made that affect demand and supply, both positive and negative. These are listed below:
Positive Demand Assumptions:
• One half of all new cancer patients are treated with radiation therapy. (8) • The median number of new cancer patients managed by an FTE ROP was measured as 424 in 1995, 325 in 2002 and 304 in 2007. (5, 6, 7) This factor has a most significant impact on the model. In the absence of additional data, it was assumed that there was a linear decline in the number of patients managed by ROPs between 1995 and 2007. The median number was assumed to be 424 before 1995 and 304 after 2007 (see Table 1 , column 8).
• A working ROP is assumed to spend three-quarters of the time on clinical service and therefore to provide 0.75 clinical FTE. The remainder of time is allocated to teaching, research, administration, and other nonclinical services such as serving on institutional committees, radiation safety, and JCAHO facility support. Therefore the ratio of working ROPs to Clinical FTEs is 1.3333. This number varies widely, depending on the type of practice and nature of the institution. The assumption in this article is based on a limited survey of various practice types and on information contained within the Abt reports. (5, 6, 7) Negative Demand Assumptions:
• 80% of Full Members of the American Association of Physicists in Medicine are involved in radiation oncology physics service. Of all ABR Certified Diplomates between 1990 and 2007, the totals were 1438 (69%) in Therapeutic Radiological Physics, 504 (24%) in Diagnostic Radiological Physics, and 149 (7%) in Medical Nuclear Physics. It was recognized that many of the diagnostic and medical nuclear certificates are owned by those also certified in therapy physics and who are primarily practicing therapy physics. Therefore, the 80% practicing therapy physics relationship from the professional practice survey is assumed to hold for this analysis (based on information provided by Stephen Thomas, American Board of Radiology).
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respect to the number of physicists trained. The Demand & Supply model for ROPs consists of five components: 1) cancer demand, 2) ROP demand, 3) ROP supply, 4) training funds, and 5) operating funds. The model conveys information and passes data between components to produce the information desired.
Training and Operating Funds Model: These models contain the following assumptions:
• The inflation rate will rise at 3% per year for training wages 1987-2020.
• The annual cost to support a resident for a year (salary plus benefits) was estimated at $32,000 in 1987. This is equivalent to approximately $60,000 in 2008.
• The salary plus benefit compensation for the median physicist in 1987 was $90,000. This along with a 4% annual increase yields salary and benefit figures experienced today by AAPM membership.
• Annual training funds needed in millions are the dollar amounts to support salaries and benefits of all residents in all United States CAMPEP programs.
• Annual faculty salary and benefit funds to support residency are the dollar amounts to support faculty salary and benefits for all programs in the United States, assuming each resident requires a total 0.25 FTE.
We designed a test of the model using a subset of the data. 
III. rESuLtS & dIScuSSIon
Respecting the test described above, the assumptions were run for 125 ROPs entering CAMPEP residency training in 2020. The results from the model missing the ABR oral examination data 2006-2009 are reported in Fig. 1 , and should be compared with results from the model containing that data (Fig. 3) . Here, the discussion is limited to red line in the graph in the upper right quadrant -the gap between demand for Working ROPs in Clinical Practice and supply. What we determined is that, while the model performed properly and as expected, the run without procedures (IMRT, IGRT, prostate seed brachytherapy, stereotactic procedures, etc.) in the general radiation oncology community, and the willingness of the payment system to support these emerging technologies. Since the retirement rate is held constant for this analysis, the Demand & Supply Model graph does not change between Fig. 1 and 4 .
Physicists Passing ABR Examination in Therapeutic Radiological Physics. The model assumes a linear increase in the number of residents entering CAMPEP residency programs between 2007 and 2020. Additionally, the model assumes a drop in the number of physicists who are able to enter the profession after 2012 without going through a CAMPEP residency program. It is assumed that, although this pathway remains open in 2012 and 2013 for graduates of CAMPEP academic programs, the number will already be diminishing by 2014 due to the elimination of the non-CAMPEP pathway, the declining job market for entry-level medical physicists without residency experience, and the availability of CAMPEP residency positions for graduates of CAMPEP academic programs. Note that the total number passing the ABR examination lags the number entering residency training by three years.
Gap Between Demand & Supply and Average ROP Work Hours per Week. This quadrant illustrates the gap between demand and supply and the work hours per week of ROPs between the years 1990 and 2020. The work hours per week are determined based on the manpower available to treat the estimated number of cancer patients treated with radiation oncology. It is important to note that the model assumes an ROP will be able to provide services for 304 patients per year as reported in the Abt III survey between the years 2007 and 2020. It is certainly possible that ROP work respecting time-consuming special procedures will become more efficient. If that is indeed the case, the presented results might well overestimate medical physicist demand by 2020. Note the large gap between supply and demand in the early 2000s. This gap is ascribed to the increasing number of special procedures in radiation oncology as mentioned earlier. Consequently, the median ROP is able to handle fewer patients annually. The results suggest that creating only 100 CAMPEP residency training positions would be damaging to the profession. Demand is seen to exceed supply and work hours increase beyond reasonable limits. Creating 125 positions is the minimum that would seem to allow for stability in the profession, given work stress and overtime demands involved at this level. Providing the community with 150 training positions would marginally meet anticipated demand, while 175 training positions would actually approach equivalence between supply and demand. It should be noted that the pool of qualified ROPs is relatively robust (approximately 2500-2700 in the United States at present) and that there is some elasticity in the community to take up the slack if fewer than 150 CAMPEP residency training positions are created. However, if too few positions are created by 2020, there is the possibility in the succeeding years that more medical physicists will retire or leave the profession, with a potential negative impact on patient care.
The model is sensitive respecting several factors, but demonstrates elasticity respecting others. One sensitive factor is the median number of patients an ROP supports on an annual basis, as supplied from the Abt data. ROPs could become more efficient in performing special procedures and able to handle more patients per year by 2020. Conversely, ROPs might be faced with new technologies that allow them to handle fewer patients per year. Since these factors are difficult to predict, it is assumed in this model that the median ROP will manage 304 new patients per year through 2020. However, a 10-20% change in this number has a significant effect on the model. For example, using 125 certified physicists in 2020 as an endpoint, if the median ROP practice is 360 patients per year in 2020, the work week of the ROP is decreased from over 55 hours per week to 45 hours per week; there is also a decrease in the gap between demanded and supplied physicists of about 20%. On the other hand, using 125 certified physicists supplied in 2020 and assuming the median ROP will manage 280 patients per year, the work week is over 65 hours per week, with a 40% increase in the gap between supply and demand. Clearly, changes in this median patient workload figure on the order of that measured in the Abt study over the past 14 years will have a significant effect on the validity of the model.
The retirement of ROPs is another important factor; however, it is one that demonstrates elasticity. A 10% change in the retirement rate decreases or increases the median workweek by about 5 hours per week, with a 15% decrease or increase in the gap between demanded and supplied ROPs. Respecting manpower, there seems to be a lot of elasticity in the system, as the pool of clinical FTEs available to do physics work is expected to expand or contract based on need and incentives. Retired physicists may be persuaded to work part time if the rewards are sufficient.
There is also a potential major impact of the current economic crisis on the delay of ROP retirement. This is expected to manifest beginning in 2009, and may continue for between five and ten years. This factor, combined with the anticipated oversupply over the next five years, may negatively impact the profession and we may see hiring and/or salary freezes before the nation's economy and the supply/demand for ROPs recover.
One factor that is difficult to predict is the number of ROPs currently training in non-CAMPEP programs that have expedited the progress of their training in order to enter the certification pathway before the 2012 deadline. There is therefore already more than enough money in the system to train medical physicists. The community should therefore redirect the funding to pay for medical physicists in CAMPEP residency positions rather than in work positions. Affiliated or distributed residency programs are potential mechanisms to accomplish this objective.
Despite these advantages, the current economic climate might negatively impact the willingness to allocate funds for medical physics training. It might also affect hospital funding decisions with regard to major radiation oncology equipment purchases. These decisions would have an effect on the quality of training available, as well as the number of training slots offered. These factors are difficult to predict and beyond the scope of this model.
IV. concLuSIonS
It is interesting to conjecture to what degree the parameters to be studied by the AAPM and the New York Center for Health Workforce Studies might validate the predictions of this STELLA model. Results from this Workforce Study are expected toward the end of 2009. The Task Group-133 report stated, "There is evidence that 200 to 400 qualified clinical medical physicists are required to join the workforce annually (various surveys)." (2) Medical physicists faced an unexpected and dramatic demand for ROP services in the early part of the decade. Also, the community is faced with the 2012/2014 mandate concerning ABR certification. It is easy in the face of these experiences and facts to be unreasonably pessimistic respecting the ability to create a sufficient number of residency positions to meet the demand. However, the demand is not anticipated to be as great as estimated by Task Group-133; the true demand is likely to be around 150 per year. The large increase in demand for ROP services centered around 2002 is unlikely to be repeated unless a new technology requiring significant ROP manpower emerges. Sufficient funding already exists in the system to provide for the mentoring and training of physics residents; however, such funding needs to be redirected into CAMPEP accredited residency programs or affiliated programs. As more residency programs are accredited and as affiliated programs emerge, the number of training positions may reasonably be expected to grow to meet the demand required by 2020.
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